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InCom Working Group 29 of PIANC (WG29) is conducting a comprehensive review of the 
current state of the art of the design and construction of navigation locks. Recent projects are 
listed, reviewed and analyzed, and guidelines for future studies at the design stage are 
established. Maintenance and operational requirements are also discussed.  
 
The focus of the WG concerns the design objectives and the optimization goals that govern 
the design of a lock, with an emphasis on recent innovative concepts and technologies used to 
design and build navigation locks. 
 
This paper presents the content of the report and describes the most important issues that are 
currently being discussed by the WG29. This presentation is being made at PIANC AGA 2008 
Beijing Seminar to invite valuable feedback from the international community. We want to avoid a 





Locks are key structures for the development of navigation in natural rivers, where weirs 
control water levels to allow navigation, and in artificial canals. Locks are also strategic 
infrastructures for port development.  In low-lying countries, such as the Netherlands and 
Belgium, locks are structures in dikes and have an important function in flood defence. 
 
In 1986, PIANC compiled a comprehensive report of 445 pages on Locks (PIANC, 1986). This 
report is one of the few international reference guidelines for lock design prepared during the last 
20 years and is considered a key reference by experts around the world. In 2006 PIANC decided 
that an update to this report to include innovations in design and construction that have occurred 
in the last 20 years would be beneficial and PIANC established a new Working Group to update 
of this famous report.  
 
The new WG29 report on locks is a complement to the 1986 report. It focuses on innovative 
techniques that have been developed since the earlier report was published. It covers all aspects 
of lock design but does not duplicate the material included in the former report if no significant 
change occurs. Innovations and changes occurring since 1986 are the main target of the present 
report.  
 
This report has three major parts. The first (Section 3) presents an exhaustive list of design 
goals associated with locks. This section is important for decision makers who have to launch a 
new project. The second part (Section 4) reviews the design principles that must be considered 
by the designers. This section is methodology oriented. The third part (Section 5) is technically 
oriented.  All major technical aspects (hydraulic, structure, foundations …) are reviewed, 
focussing on changes and innovations occurring since 1986. Perspectives and trends for the 
future are also considered. When appropriate, recommendations are provided.  
 
Major changes since 1986 concern maintenance and operation aspects, and more specifically 
which aspects should be included in the criteria as goals in the conceptual and design stages of 
a lock. Renovation and rehabilitation of existing locks are also key issues for the future. 
 
The report (Section 2) also includes a series of project reviews of recent and planned lock 
projects, including project descriptions and focussing on innovation.. 
 
 
2 PROJECT REVIEWS  
 
The WG has reviewed about 50 existing lock projects. A selection of reviews is included in the 
appendix of this paper.  
 
 
3 DESIGN AND OPTIMIZATION GOALS 
 
This section is a general introduction of the design objectives and optimization goals that 
govern the design of a lock. Sections 4 and 5 give the links between these objectives/goals and 
the technical aspects of the lock design (layout of hydraulic system, structure layout, construction 
mode, choice of equipment…). 
 
The report documents, in more detail, the following main design objectives and optimization 
goals that govern the design of a lock:  
 
- Reliability of the system, structures and the operations, 
- Reduced duration of a lock navigation cycle times, 
- Reduced water motions inducing ship displacement and mooring forces 
- Avoid water resource problems (minimise water use) 
- Saltwater intrusion 
- Reduced life cycle cost 
- Minimizing energy use 
- Avoid negative environmental impact 
- Minimize impacts to navigation traffic and surrounding community  
- Safety and Security 
 
Whether a public or private company is concerned, the construction of new locks is a major 
challenge. Investments, occupation of land, and alteration of social, physical or economic “status 
quo”, are among the questions to consider before planning or starting work. 
 
In addition to the technical and constructional aspects, there are the infrastructure 
management and planning aspects that have to be considered. Amongst these aspects, three 
points are particularly important:  
- Selection of the optimum lock dimensions with regard to the expected market, the traffic 
trends and the evolution of vessel size,  
- Safety risks caused by failures 
- Economic losses caused by any operational shutdowns due to failures or needs for 
maintenance. 
 
The first step in the design of a lock is to write a reference document (terms of reference) with 
clear specifications and requirements based on a list of objectives (objective approach) or on a 
list of achievable functions (function approach). 
 
For high locks (lift height of 20 to 30 m), current designs are nowadays quite close to the 
feasible physical limits of filling time, flow speed, allowable currents/waves, cavitation, and the 
structural capacity of the concrete side wall structure as well as the downstream gate. That is 
why the determination of relevant performance values (extreme values and allowable tolerances) 
is important. The various objectives can be in conflict and choices that are too ambitious can lead 
to excessive costs. 
 
The second step is to evaluate alternative technical design concepts based on previous 
experience or on new innovative studies and research. 
These concepts mainly concern: 
- the type of structures (walls and floor), 
- the choice between a simple or a multiple lock 
- the use and configuration of water saving basins 
- the type of filling system (through the gates, short or long side culverts, through the 
floor …) 
- the type of gates, depending on the dimensions of the lock, the type and number of ships, 
the water-levels, etc. 
- various other technical points as the type, position and number of valves, bulkheads, and 
other equipment. 
 
The third step is to optimize the design. Two approaches can be considered:  
- A Series of Local Optimisations: Optimizing separately, various parts and components of 
the lock to obtain, after integration of these different components, an improved 
design/solution,   
- Global Comparison: Comparing several global solutions (for example a U-shape lock 
chamber with separated saving basins, a filling system in the floor…). 
 
The objective approach 
We differentiate between : 
- the objectives of the waterway (particularly those having an influence on locks) 
- the objectives of the lock itself (mainly consequences of the waterway objectives, but 
more technical and precise) 
 
Generally a new waterway or its improvement is justified by economic or political objectives: 
to improve traffic flows, to allow growth of vessel numbers and dimensions, to develop economic 
activity, etc. 
 
When the need for the project or improvement has been demonstrated, the waterway 
objectives must be precisely described by the owner with a set of “global performance 
indicators” that specifically define the use and the capacity of the system. This includes the 
vessels that will use the system and conditions under which they will use it. These performance 
indicators may be defined by: 
- traffic (tonnage and type of ships) , 
- transit time on the new waterway 
- speed of the ships, 
- air clearance and  water depth (or under keel clearance for the reference ship), 
- availability of the waterway (number of operating days/year, cumulated duration and 
number of maintenance closures), 
- navigational safety , 
- maintenance requirements (available staff, available time and allocated budget),  
- reliability level (to define navigation availability and avoid failures),  
- acceptable impacts on environment and local population, including fish migration 
(contribution to sustainable development), 
- cost (construction, maintenance and operation), including energy consumption (e.g. 
pumping costs during lock operation), 
- hydraulic constraints upstream and downstream: max and min water level, maximum 
wave amplitude induced by locking, maximum allowable current speed induced by locking. 
- minimize excavation or embankment volumes (more critical for canal projects), 
- safety against flooding. 
 
In addition and particularly for canals, we have to consider water consumption of the 
waterway including water losses (evaporation, infiltration...), and, for sea locks, saline water 
penetration. 
 
In addition to the above, specific lock design objectives include: 
- lock dimensions (including clearance), 
- duration of lock cycle (filling time, gate operation time, ship entrance, etc.), 
- water consumption of the lock and water saving rate, 
- energy consumption, 
- operating time (12h or 24h/day...), 
- reliability of the lock operations with respect to mechanical equipment, 
- reliability of the lock with regard to climatic constraints (floods, ice, drought…) 
- maintenance constraints 
- maximum availability with regard to scheduled closures for maintenance (duration and 
cost of maintenance, possibility of dewatering to obtain a dry lock, or possibility to do 
maintenance without dewatering )  
- acceptable degree of risk in relation to the use of new technologies, 
- the project design life, 
- navigation safety and ship protections, 
- security of locks (access control), 
- maximum discharge in the adjacent reaches (induced by the filling/emptying), 
- maximum water slope in the lock during operation and limitation of water turbulence and 
hawsers forces, 
- additional functions or objectives, for example: 
o flood control may require discharge through the lock,  
o future lock extension. 
 
As an example, the main objectives of the new Panama Canal expansion project (defined by 
the canal authority, ACP) are: 
- The new locks are a demand driven system (increasing traffic), and its operating times 
determine the capacity of the system,  
- Reliability is a major requirement, as any shutdown time means loss of income. 
- Maintenance shutdown has to be kept to a minimum. 
- Construction cost and whole life cost should be minimized. 
- Operation facilities and systems should be kept simple and reliable. 
 
 
4 DESIGN PRINCIPLES & DESIGN METHODOLOGY 
This section reviews the key points that must be considered in the early design stages of a 
lock or a new waterway, which are: 
- Lock layout & Lock dimensions  
- Life cycle of a lock  
- Construction Modes or Methods 
- Layout of the hydraulic system  
- Lock structure concepts  
- Salt water intrusion, Ice Control, Communication, Security and Safety, …   
 
4.1 DESIGN PRINCIPLES  
This section introduces the major design principles and particularly focuses on the changes 
that occurred during the last 25 years, which are: 
 
“Risk based design” versus “Deterministic approach” 
Nowadays a major project such as a lock must be justified by a variety of studies. The 
technical study (design aspect) and even its cost are no more than key points of a feasibility 
study. A series of other studies are also required: 
- Impact on the environment: river flow, air, noise, fishes, birds and other animals, 
vegetation, groundwater… 
- Risk analysis. In risk based analysis, risk is considered as the product of the cost of the 
failure by the probability of occurrence of the event which may cause the damage. Each 
significant accidental event must be considered and assessed. The level of any 
mitigation measures will be based on such a study. For instance: need for an 
emergency gate, need for redundant power supply, bank reinforcement to avoid flood … 
- Consultation with the local communities and citizens. Eventually a group of key 
constituents will need to be organised. 
- Economical analysis. Cost of course remains important and the investment must be 
justified. Projects with the highest ratio of benefits to cost should be considered for 
further study. 
 
“Life cycle cost optimisation” versus “Least construction cost”:  
Minimizing the cost of the lock is no longer the main objective of the designer. Now, the whole 
life cost should also be compared for the various technical alternatives (Ref. MarCom WG42 
Report Life Cycle Management). 
 
Use of numerical modelling as design tool: 
For each technical aspect, the actual state-of-art is presented with emphasis on integrated 
approaches between the analytical/numerical models and physical modelling. This is an area that 
has significantly changed since 1986.  
Early Design Tools for preliminary design stages 
Particular attention was given to the different design stages of a lock (conceptual, project and 
detail design). Tools and methods must be adjusted to the considered design stage. 
 
4.2 CONSTRUCTION MODES   
The problems raised in this section are: 
- How to minimize impacts to navigation traffic and the surrounding community during 
construction?  
- Which are the best construction modes to reduce the impact during construction?  New 
innovative construction methods including prefabrication techniques like float-in, in-the-
wet construction (lift-in precast concrete components, etc.)…   
 
Solutions and innovative construction modes are given in the report, using project reviews for 
references (See appendix) 
 
4.3 LAYOUT OF HYDRAULIC SYSTEM 
 
The hydraulic systems for filling and emptying locks can be divided into two main types. One 
is filling and emptying “through the heads”; and the other is the “through longitudinal culverts”.  
 
With the “longitudinal culvert” system there are several types of typical layouts: 
- Wall culvert side port system 
- Wall culvert bottom lateral system 
- In-Chamber longitudinal culvert system (ILCS) 
- Longitudinal culverts under the lock floor  
- Dynamically balanced lock filling system (Fig. 4.1) 
- Pressure chamber: Instead of culverts, a large chamber is built under the floor for the full 
width and length of the lock with a series of holes in the floor to fill the lock (Fig. 4.2) 
 
Hydraulic system concepts: 
There are several ways to select the hydraulic system. Two will be discussed here.  The 
traditional one is based on the lock lift height (H). As discussed in the PIANC’86 Report, locks 
can be classified according to the lift height as follows: 
- Low lift height             H < 10m 
- Intermediate lift 10m < H < 15m 
- High lift height 15m < H 
For “low lift locks” a through–the-sill system or simple longitudinal culvert system can be used. 
Note that the short culvert system might require a complicated energy dissipation chamber.  
For “intermediate lift locks” the wall culvert side port system and a simple longitudinal culvert 
system may be suitable. 
- Wall culvert side port system  
- Longitudinal culverts under the floor with side outlets or with top outlets  
“High lift locks” require a more complex longitudinal culvert system. 
- “Two sections dynamically balanced” lock filling system (Fig. 4.1) 
- “Four sections dynamically balanced” lock filling system (Three Gorges) 
 
A second selection approach is based on the m coefficient (1), as proposed by the Chinese Code 
(2001) for filling and emptying system of ship locks (JTJ306):  
 
2/1/HTm =   (1) 
in which, H(metres) is the lift height of lock and T(min) the time to fill the chamber. 
 
 
Fig. 4.1 : “Two sections dynamically balanced” lock filling system 




Fig. 4.2 : Connection of pressure chamber to WSBs basins (upper) and to main chamber (lower) 
 
The value of coefficient m could be used to choose the relevant types of the hydraulic system 
as follows: 
3.5<m through heads system 
2.5<m<3.5 through heads system or simple longitudinal culvert system 
2.4<m  simple longitudinal culvert system 
1.8<m<2.4 a more complex longitudinal culvert system 
       m<1.8 a very complex (advanced) longitudinal culvert system 
 
These values have been defined for a certain set of maximum mooring forces.  In practice, 
complex energy dissipation chambers are only needed when coefficient m<3.5  . 
 
The lock lift height (H) is the main factor in selection of a filling and emptying system (first 
selection approach). But the use of the m coefficient allows both the lock lift height and the 
locking time to be considered simultaneously.  
 
4.4 LOCK STRUCTURE CONCEPTS 
 
Water saving basins: 
There are two main kinds of water saving basins (WSBs): 
o First, the standard concept ( 
o Fig. 4.4) with separated WSBs (located on one side or both sides of the lock, on a series of 
steps) 
o The integrated system (Fig.  4.3) which integrates the WSBs in the two side walls, which 




















Fig. 4.4 : Cross-sections in a lock with 5 standard laterally located WSBs 
(filling through the pressure chamber in the lock floor) 
 
In 2008, both concepts are proven technologies and a detailed comparison must be made 
specifically for each project. Due to lack of space and/or some technical reasons (specific to the 
site) a construction with integrated WSBs may be advantageous.  
 
Two locks in Germany were built according this principle (Minden and Anderten, 1930), and 
are still in use without major problems. Recently a third lock of this type was finished (2006, 
Uelzen II). Problems with heating of the concrete during hydration were avoided with different 
concrete mix designs in areas with large cross sections. Such a lock concept is quite complex 
because it includes a lot of culverts, galleries, overflow devices, etc.  
 
Monolith lock concept versus standard lock concept (with thermal expansion joint) 
Nowadays, the technique of building locks (floor, side walls) without joint seems to be mature. 
Usually locks are built with joints which e.g. separate the chamber in blocks with a length of 15 to 
20 m. To connect these blocks, waterstops are necessary to keep the water in the lock and to 
prevent groundwater and soil from coming into the lock. Maintenance experience shows a lot of 
problems with waterstops and joints in general. Additionally it is difficult to assemble the 
waterstops accurately. Monolithic (jointless) construction avoids these problems and has a strong 
robustness against differential settlement, un-expected settlement (e.g. due to scour), and 
settlement differences and unexpected effects generally. Nowadays, using numerical tools, the 
influence on construction of building monolithically can be analysed in advance to get an 
economic and safe solution. 
 
 
5 TECHNICAL ASPECTS OF LOCK DESIGN 
5.1 HYDRAULIC STUDIES OF LOCKS  
Locks are complex structures which require the ability to handle the technical difficulties 
related to both the design and the construction of a lock, especially the hydraulic filling and 
emptying system of the lock. 
 
The recent evolutions in the design of the hydraulics of locking systems allow a better 
understanding of the hydraulic phenomena which occur and therefore improve the designers’ 
ability to optimise the hydraulic system. 
 
The main constraints which must be considered during the design phase of the hydraulic 
system are the following:  
- The filling/emptying time of the lock chamber has to be short enough to accommodate the 
expected traffic. In general, for an inland navigation lock it should be around 10 minutes 
(for lift heights up to 10m). 
- The forces acting on the hawsers and on the mooring system are related to the ship 
displacement, the filling time and the chosen hydraulic system. The computation of these 
forces is fundamental for the design but is rather difficult to perform. 
- The design of the water inlets (upstream reach) has to preclude the entrance of debris 
and sediment into the hydraulic system. In addition, the design of the inlet system has to 
avoid air entrapment in the hydraulic system 
- The inlets and outlets (to the upstream and downstream reaches) must be designed to 
reduce possible waves and currents, which disturb ship manoeuvring and create 
discomfort for passengers. 
- The speed of the flow inside the galleries and culverts must be limited to avoid significant 
head losses and cavitation, particularly in bends with a small radius. In general, average 
flow speeds above 7-10 m/s should be avoided. 
 
Obviously, the different elements mentioned above are inter-independent and interact with 
each other. For instance, if we speed up the opening of the valves, the locking duration will be 
shorter but we will have problems with other parameters (higher mooring forces, higher waves in 
the lock chamber and in the downstream side of the lock, more debris flow admitted at the inlets 
of the hydraulic system, higher risk of cavitation …). 
 
Interrelations between analytical, experimental and numerical analysis 
Twenty years ago, the design of hydraulic locking system was mainly performed with the 
support of physical models (usually scale models).  
 
Nowadays numerical models allow, with reasonable accuracy, preliminary design and 
evaluation of alternatives of the hydraulic system. The physical model comes later to perform a 
final validation of the design. This approach reduces the total design period and cost. 
 
The next section focuses on integrated approaches between the analytical/numerical models and 
physical modelling. This is an area that has significantly changed since 1986.  
 
Table 5.1 : Analytical, numerical and physical models (advantages and shortcomings) 
 




Mathematical model, usually simple, 
for which an exact mathematic solution 
can be found, or there is a physical 
model using an other area of physics 
to which the initial problem is related 
that simplifies the problem (ex : 
electrical approximation for 
groundwater modelling) 
- Simple 
- Few parameters 
- Parameters may be 




Solution may be 




Complex mathematical model, using 
approximations for the domain of 
resolution as well, so that the solution 
is an approximate one because both 
equations and domain are 
approximated 
- Easy to use (but only 
by specialists) 
- Large number of 
parameters can be 
investigated 
- Parameters can be 
easily changed to test 
various design 
alternatives. 
The results may 
look more exact 
than they are 
(“Pretty pictures” 
effect). That is 
the reason why 
specialists are 
needed to judge 





A reproduction of the problem at a 
small scale, and is approximate 
because usually different physical 
characteristics have different scale 
factors or because it is impossible to 
use materials that behave at a small 




different areas of 





- Scale effects 




- Only few design 
alternatives can 
be tested 
The contribution of analytical, numerical and physical modelling 
In recent years, in view of the rapid development of computer technology with higher 
computing power and ever lower cost, numerical models have been applied in some areas of 
technical hydromechanics with great success. The question has to be raised whether numerical 
models can, in the future, take the place of the physical model, and what are the advantages to 
be gained.  
 
Whether for hydraulics inside or in the vicinity of the lock, for structural analysis (concrete, 
metallic structures, geo-mechanics), or for the economics (relevance of double locks, 
maintenance systems…), numerical models seem to be a viable tool.  
 
Research in the area of numerical models is prolific, but still demonstrates the necessity for 
improvements. 
 
Table 5.1 presents the distinctions between analytical, numerical and physical models, and 
their advantages and shortcomings. 
 
Table 5.2 : Comparison between physical and numerical models 
STEP PHYSICAL MODEL NUMERICAL MODEL 
1 Definition of the problem 
 Identification of the essential acting forces 
2 Formulation of similarity requirements Formulation of sets of equations 
3 Formulation of boundary conditions 
4 Construction of a model Development of a numerical solution scheme 
5 Calibration of the model 
  Variation of roughness or like Variation of coefficients 
6 Measurements and solution Calculation and solution 
7 Optimization of the solution according to problem formulation 
 Model geometry variations Variation of input data 
8 Transfer of results from model to prototype 
 and examination by field measurements 
 
A comparison between physical and numerical models (Table 5.2) shows at first glance that 
both of models have much in common. Each must be preceded by a conceptual phase, in which 
the physical relationships to be simulated by the model have to be identified.  Calibration is a key 
element of either approach, and frequently requires data from previous projects if solutions are 
not to be pre-judged.  Limitations of physical and numerical models are detailed in the full report 
of the WG29 
 
5.2 GATES AND VALVES 
 
Mechanical parts: seals, bearings, hydraulic cylinders, operating equipments  
In the last 20 years the mechanical parts of locks (mitre gate hinges, rails, bearings...) have 
been improved: more efficient materials (high tensile steel, better anti-friction characteristics...), 
drives improved, etc.  
 
In recent designs the emphasis is to design mechanical parts to make maintenance easier 
and improve reliability. 
 
Key functions of the main mechanical parts are given in Table 5.3. 
 
Sealing 
Gate seals are required to prevent loss of water. Seals used in locks are generally made of 
rubber or wood (Azobe for instance). 
 
The selection of seals and the design of their installation are important.  The required 
properties for rubber seals include suppleness, hardness, ultraviolet resistance and abrasion 
resistance.  The seal’s supports must be easily accessible and removable. In addition, seals 
should be resistant to or protected from floating debris and ship impacts. 
 
Maintenance 
Maintenance is an important consideration in the design of the mechanical parts. Designers 
should minimize maintenance and repair costs and duration by design improvements. That is 
why we must take the questions of accessibility, removal and installation into consideration. 
 
It is very important to be able to assess the current wear (for example fretting wear) without 
dismantling the entire system. 
 
Table 5.3 : Main Mechanical Parts 
FUNCTIONS ELEMENTS 
Gate operation and power supply 
(transmission of a force to the mobile 
structure) 
- actuators  
- drives (cylinders, electro-mechanical drives...) 
- motors 
- chain, cables 
Guiding (rotation, translation) - rails 
- wheels and rollers 
- pivot , articulation 
Bearing and contacts (sliding, rolling or 
static), transmission of forces to the 
foundation of the lock 
- rails 
- wheels and rollers 
- pivot , articulation 
Sealing - seals 
Maintenance - accessibility 





INCOM WG 29 expects to finalize this work before the end of 2008, so the report will be 
available in 2009.  Feedback and comments on this paper are welcome and will be considered in 





PIANC, 1986, “Final Report of the International Commission for the Study of Locks”, PIANC, 
Brussels, 460pp. 
APPENDIX: Project Reviews of the InCom-WG29 
 
Here are presented some samples of the projects reviewed by 
the WG (see extended presentations in the WG report). 
 
1 Seville  
Lock Dimensions 
Length: 252.0 km Lift:  
Width: 40.0 m Depth:  
 
2 Three Gorges -China 
Lock Dimensions 
Length: 1,607 m Lift:  




3 Seine-Nord Europe  
Lock Dimensions 
Length: 106.0 km Lift: 15.0 - 30.0 m 
Width: 12.5 m Depth:  
 
Project Description 
Three new canals 106 km long with seven locks ass 
standardized as possible.  One lock will be (low lift), six locks 
from 15mto 30 m lift. 
 
4 Juankoski Canal  
Lock Dimensions 
Length: 35.0 m Lift: 6.0 – 6.5 m 
Width: 8.0 m Depth: 2.4 m 
 
Project Description 
Locks built in rock. Instead of building concrete lock walls 
anchored to the rock, a floating pontoon was designed inside 
the lock for the mooring of the boats and to protect the boats 
against collisions to the lock Walls. 
 
5 Keitele Canal 
Lock Dimensions 
Length: 115.0 m Lift:  
Width: 16.0 m Depth: 4.0 m 
 
Project Description 
The locks are designed for both timber floating and barge 
traffic.  The design barge is Europe II-type push-barge.  
 
6 Saarikoski Canal 
Lock Dimensions 
Length: 30.0 m Lift:  
Width: 6.0 m Depth: 1.8 m 
 
Project Description 
The lock is a timber lock with a caisson 
structure. Opened in 1905 and restored 
in 1998.  The caissons are filled with 
rock, and the lock wall structure allows 
the water to run through the lock walls 
to the sides of the lock.  
 
7 Saimaa Canal 
Lock Dimensions 
Length: 85.0 m Lift: 5.5 - 12.7 m 
Width: 13.2 m Depth: 5.2 m 
 
Project Description 
Eight locks on 43 km of man-made canal with special ice 
measures to extend the operating season. 
 
 
8 Zuid Willemsvaart 
Lock Dimensions 
Length: 103.8 m Lift:  
Width: 9.8 m Depth: 0.7 m 
 
Project Description 
A main innovate aspect of these locks is the fact that a 
standardized concept has been adopted as well as a 
standardized method of design for all four locks.  This has 
resulted in cost reduction. 
 
 
9 Naviduct Krabbersgat  
Lock Dimensions 
Length: 160.0 m Lift:  
Width: 42.0 m Depth:  
 
Project Description 
The ‘Naviduct’ is a combination of a double navigation lock that 
includes an underpass for road traffic.  
 
 
10 Golbey Gate - Composite Miter Gates 
Lock Dimensions 
Length:  Lift:  
Width:  Depth:  
 
Project Description 
The project consisted in upgrading existing locks by replacing 
old steel mitre gates by compound material gates.  
 
14 Charleroi  
Lock Dimensions 
Length: 220.0 m Lift: 6.0 m 
Width: 26.0 m Depth:  
 
Project Description 
Replacement and expansion of the existing 17 m x 220 m and 
17 m x 110 m locks with two new lock chambers, each 26 m x 




15 Chickamauga  
Lock Dimensions 
Length: 183.0 m Lift:  
Width: 34.0 m Depth:  
 
Project Description 
This lock renovation and expansion uses lift-in construction 
techniques to work with difficult geologic conditions and maintain 




16 Inglis  
Lock Dimensions 
Length: 50.0 m Lift:  
Width: 12.2 m Depth:  
 
Project Description 
This innovation resulted in construction of a smaller lock inside a 
larger lock to save operating and maintenance costs, save fresh 





17 J.T. Meyers  
Lock Dimensions 
Length: 366.0 m Lift:  
Width: 34.0 m Depth:  
 
Project Description 
This project extends an existing lock from 34 m to 366 m using 





18 Kentucky Lock  
Lock Dimensions 
Length: 366.0 m Lift:  
Width: 34 m Depth:  
 
Project Description 
This project adds a new 366.0 m chamber adjacent to an 





19 McAlpine Lock (23) 
Lock Dimensions 
Length:  Lift:  
Width:  Depth:  
 
Project Description 
This lock expansion and renovation utilizes roller compacted 
concrete (RCC) for the new lock walls. 
 
 
20 Troy Lock  
Lock Dimensions 
Length: 150.0 m Lift:  
Width: 13.5 m Depth: 4.9 m 
 
Project Description 
This older lock with deteriorating 
lock walls was retrofit with 
precast panels. Resulting in a 
savings in cost, construction, and 












21 Upper Mississippi 
Locks  
Lock Dimensions 
Length: 366.0 m Lift: 3.2  - 4.7 m 
Width: 33.5 m Depth:  
 
Project Description 
The lock chamber walls will be built using a series of 30-foot 
lift-in modules.   
 
 
22 Greenup  
Lock Dimensions 
Length: 366.0 m Lift:  
Width: 33.5 m Depth:  
 
Project Description 
Extension of the auxiliary lock accomplished by lengthening the 
lock chamber with float-in concrete sections.  
 
 
23 Marmet  
Lock Dimensions 
Length: 243.8 m Lift: 7.3 m 
Width: 33.5 m Depth:  
 
Project Description 
Addition of new lock 
chamber at an existing lock 
with wetland mitigation and 
concrete precast post-
















Length: 201.0 m Lift:  
Width: 12.5 m Depth: 4.0 m 
 
Project Description 
The chamber walls are designed as a bored pile wall with a 
facing concrete cover.  So the excavation wall can be used for 




Authorized in WRDA 2000
Estimated Cost $182 Million
i  t r  i  






Length: 190.0 m Lift:  
Width: 12.5 m Depth:  
 
Project Description 
The double lock Hohenwarthe with lateral saving bassins  
 
 
26 Uelzen II  
Lock Dimensions 
Length: 311.0 m Lift:  
Width: 12.5 m Depth:  
 
Project Description 






Length: 200.0 m Lift: 4.7 m 
Width: 18.5 m Depth:  
 
Project Description 
A new lock chamber built to replace a small existing lock.   
 
 
28 Qiaogong Lock  
Lock Dimensions 
 
Length: 120.0 m Lift:  
Width: 12.0 m Depth: 3.0 m 
 
Project Description 
Analysis and measurement of Fill/Empty condition. 
 
 
29 Panama Canal Expansion  
Lock Dimensions 
 
Length: 1,281.0 m Lift:  
Width: 55.0 m Depth: 18.3 m 
 
Project Description 
Three steps locks, with three water saving basins; a side filling 
and emptying system; … 
 
 
30 Reverse Head Miter Gates (35) 
Lock Dimensions 
Length:  Lift:  
Width:  Depth:  
 
Project Description 
Locks located in tidal zone used props on the "upstream" face 
of their miter gates to resist reverse head. 
 
 
31 Olmsted Lock and Dam  
Lock Dimensions 
Length: 366.0 m Lift:  
Width: 33.5 m Depth:  
 
Project Description 
Expensive and deep foundations, 
high seismic design loads, large 
water level fluctuations and 
heavy bed loads provided an 
impetus to develop a floating 
solution for the Olmsted 








32 Cardiff Bay 
Lock Dimensions 
Length:  Lift:  
Width:  Depth:  
 
Project Description 
Locks with sector gates to fill the locks 
 
 
33 Braddock Lock  
Lock Dimensions 
Length: 182.8 m Lift:  
Width:  Depth:  
 
Project Description 
Replacement of an existing lock and dam was completed by 




34 Locks on the Rhone- France  
Lock Dimensions 
Length:  Lift:  





35 Forth and Clyde Canal  
Lock Dimensions 
Length:  Lift:  





36 Avonmouth Lock 
Lock Dimensions 
Length: 267.0 m Lift:  
Width: 30.5 m Depth: 14.7 - 16.6 m 
 
Project Description 
Miter gate replacement to reduce maintenance. 
 
 
